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Abstract 

This  report  documents  the  Dynamic  Applied  General  Equilibrium  Model  (DYNAGEM) 
developed  at  the  U.S.  Department  of  Agriculture’s  Economic  Research  Service  to  analyze  issues 
of  regional  integration.  In  contrast  with  static  CGE  models,  DYNAGEM  endogenizes  major 
intertemporal  economic  behavior,  such  as  investment,  savings,  and  international  capital  flows. 
The  model  can  more  satisfactorily  analyze  economic  adjustment  processes  induced  by  a  policy 
change  in  both  the  short-  and  medium-run.  Here,  the  model  is  applied  to  NAFTA  to  illustrate  the 
framework’s  ability  to  gauge  policy  impacts. 
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Documentation  and  Use  of  DYNAGEM: 

A  Dynamic  Applied  General  Equilibrium  Model 

for  Policy  Analysis 

Xinshen  Diao 


Introduction 

This  report  documents  the  Dynamic  Applied  General  Equilibrium  Model  (DYNAGEM) 
developed  by  the  Economic  Research  Service  (ERS)  and  the  University  of  Minnesota.  The 
model  has  properties  similar  to  other  recent  contributions  found  in  the  dynamic  GE  literature. 
See,  for  example,  Ho  (1989),  McKibbin  (1993),  Mercenier  and  Sampai'o  de  Souza  (1994),  Go 
(1994),  and  Mercenier  (1995). 

The  model  documented  in  this  report  has  already  been  used  in  a  number  of  regional  integration 
analyses  within  ERS,  including  the  study  on  the  Southern  American  Common  Market 
(MERCOSUR)  (Diao  and  Somwaru,  1999a  and  1999b),  North  American  Free  Trade  Agreement 
(NAFTA)  (ERS/USDA,  1997)  and  the  Free  Trade  Area  of  Americas  (FTAA)  (Diao  and 
Somwaru,  1998).  The  model  has  also  been  used  to  examine  the  effects  of  the  Asian  crisis  on  the 
global  economy  (Diao,  Li,  and  Yeldan,  1998),  to  ascertain  the  impacts  of  trade  liberalization  and 
water  user-rights  market  on  Moroccan  agriculture  (Diao  and  Roe,  1998),  and  to  identify  the 
outcomes  of  financial  mismanagement  on  the  Turkish  economy  (Diao,  Roe,  and  Yeldan,  1999). 

Specific  features  and  structures  of  the  model  are  presented  and  discussed.  To  illustrate  its  ability 
to  diagnose  policy  impacts,  the  model  is  used  to  examine  the  effects  of  NAFTA,  focusing  on  the 
economic  adjustment  processes  in  member  countries  during  the  first  3  years  after  its 
establishment. 


Overview  of  the  Model 

Applied  (computable)  general  equilibrium  (CGE)  static  models  have  been  widely  used  as  tools 
for  trade  reform  and  tax  policy  analyses  for  both  developing  and  developed  countries  (see,  for 
example,  Shoven  and  Whalley,  1984;  Cox  and  Harris,  1992;  Brown,  Deardorff,  Stem,  1992; 
Dervis,  de  Melo  and  Robinson,  1992).  But  traditional  static  CGE  models  cannot  capture 
intertemporal  economic  behavior  in  a  theoretically  consistent  way.  Past  attempts  to  interject 
dynamics  within  static  CGE  models  have  been  superficial:  savings  are  assumed  to  be  a  fixed 
proportion  of  disposable  income  and  investment  is  specified  by  “macro  closures.”  The  lack  of 
theoretical  foundations  for  such  intertemporal  decisions  and  the  element  of  arbitrariness 
contained  therein  are  clearly  not  consistent  with  the  behavior  of  economic  agents,  which 


1 


otherwise  are  regarded  as  rational  optimizers  in  the  solution  to  their  intra-temporal  problems.1 

In  contrast  with  static  models,  the  key  feature  of  DYNAGEM  is  its  ability  to  portray  economic 
adjustment  processes  caused  by  a  policy  change  in  a  theoretically  consistent  way.  Consumption 
decisions  are  not  made  according  to  the  household’s  current  income,  as  is  assumed  in  the  static 
framework.  Rather,  consumption  and  saving  decisions,  which  are  jointly  determined,  are  made 
intertemporally,  and  savings  are  generated  for  future  consumption  (fig.  1).  By  allowing  for 
forward-looking  behavior,  DYNAGEM  closely  resembles  the  real  economy  and  generates  better 
results  than  static  models  in  simulating  policy  changes. 

On  the  supply  side,  producers  make  production  and  investment  decisions  both  simultaneously 
and  intertemporally  in  DYNAGEM.  A  decision  on  investment  is,  for  example,  not  only 
determined  by  the  current  returns  to  capital,  but  is  also  determined  by  future  returns.  Similarly,  a 
production  decision  in  any  given  year  is  determined  not  only  by  price  information  in  that  year, 
but  also  by  previous  investment  decisions. 

The  ability  to  account  for  investment  decisions  is  particularly  important.  In  the  static  CGE 
framework,  resources  (including  capital)  are  fixed.  Gams  from  trade  liberalization  or  regional 
integration  are  generated  only  from  more  efficient  reallocation  of  the  current  resources.  As  a 
result,  the  economic  impacts  of  a  policy  change  may  be  underestimated  because  the  investment 
response  is  not  taken  into  account.  To  overcome  this  shortcoming,  some  modelers  adjust  the 
capital  stock  exogenously  in  the  static  CGE  framework.  Arbitrarily  adjusting  the  capital  stock, 
however,  not  only  departs  from  the  economic  theory,  but  embodies  the  modeler’s  subjectivity, 
biasing  the  empirical  results. 

DYNAGEM  integrates  both  the  commodity  and  capital  markets  (fig.  1),  while  the  static  model 
incorporates  only  the  commodity  markets.  Commodity  markets  enable  consumers  to  satisfy  their 
consumption  demand  and  allow  producers  to  sell  commodities,  purchase  intermediates,  and 
make  investments.  The  capital  market  allows  consumers  and  producers  to  borrow  and  lend. 
Savings  can  then- be  channeled  to  investment  in  different  sectors  and  across  country  borders. 

DYNAGEM  is  a  global  model.  All  countries/regions  in  the  world  economy  are  characterized  by 
their  intertemporal  economic  behavior.  The  design  of  DYNAGEM  allows  it  to  be  flexible  in 
country/region  coverage.  In  the  NAFTA  application,  for  example,  the  three  member  countries 
are  specified,  as  well  as  four  aggregate  NAFTA  trading  partner  groups.  The  model  is  also 
flexible  in  terms  of  sector  specification.  In  the  NAFTA  application,  agriculture  is  disaggregated 
into  nine  sectors,  while  non-agriculture  is  highly  aggregated  into  three  sectors. 

Two  factors  are  critical  for  understanding  DYNAGEM  and  the  empirical  results  presented  in  this 
paper.  First,  the  model  focuses  on  the  real  economy.  It  does  not  contain  a  monetary  term.  The 


1  This  obvious  inconsistency  has  not  escaped  the  attention  of  many  modelers;  see,  e.g.,  Srinivasan  (1982),  Bell 
and  Srinivasan  (1984),  and  Mercenier  (1994). 
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focus  on  the  real  economy  renders  the  model  consistent  with  neoclassical  macroeconomic  and 
growth  theories  (see  Barro,  1984;  Barro  and  Sala-I-Martin,  1995;  Obstfeld  and  Rogoff,  1996). 

As  a  result,  the  international  financial  capital  market,  and  hence  borrowing  and  lending  among 
the  countries,  is  characterized  in  the  model  by  the  real  movements  of  commodities  among  the 
countries.  This  makes  movement  in  the  current  account  consistent  with  shifts  in  the  trade 
account.  Links  between  the  capital  market  and  commodity  market  will  be  further  clarified  in  the 
next  section. 

Second,  DYNAGEM  cannot,  itself,  capture  long-term  economic  growth.  Total  factor 
productivity  growth  and  population  growth  are  treated  as  exogenous  variables  in  the  neoclassic 
growth  theory.2  As  the  model  is  based  upon  this  theory,  the  only  way  it  can  be  used  to  analyze 
the  long-term  growth  effects  of  a  policy  change  is  to  incorporate  econometric  results  of  other 
studies.3 

To  further  explain  how  the  economic  agents  make  their  decisions  and  how  policy  change  affects 
the  model  economy,  the  structure  and  major  endogenous  variables  of  the  model  are  discussed  in 
the  following  section.  The  technical  description  of  the  model  can  be  found  in  Appendix  I. 

Structure  of  DYNAGEM 

In  this  section,  the  behavior  of  each  economic  agent  in  the  model  is  described  in  a  way  that  is 
consistent  with  the  intertemporal  economic  theory,  followed  by  a  discussion  of  the  market 
structure  and  equilibrium  conditions. 

Producers’  Decisions 

Producers  within  each  sector  of  a  region  are  aggregated  into  a  representative  firm.  Firms  make 
production  and  investment  decisions  to  maximize  their  intertemporal  profit  functions  or  the  value 
of  the  firms.  In  making  production  decisions,  the  firms  choose  the  levels  of  labor  and 
intermediate  inputs  to  produce  a  single  sectoral  output  for  each  time  period,  taking  into  account 
the  price  of  sectoral  outputs,  the  wage  rate,  the  prices  of  intermediate  inputs,  an'4  .storWjf  ^  _ 
capital  at  each  time  period.  Sectoral  outputs  are  either  sold  in  the  domestic  market  or  exported  to 
foreign  markets. 

In  making  investment  decisions,  firms  have  to  compare  the  costs  of  investment  with  the  expected 
future  returns  to  capital,  taking  into  account  the  price  of  investment  goods  and  the  interest  rate  in 
each  time  period.  Firms  are  owned  by  households/consumers  and  investment  is  financed  by 
undistributed  profits.  Borrowing  by  firms  can  be  ignored  because  the  number  of  the  firms 


2  See  Grossman  and  Helpman  (1991)  for  the  further  explanation  and  the  contribution  of  the  new  (or  endogenous) 
growth  theory  in  this  field. 

3  See,  for  example,  the  medium-  and  long-run  effects  of  FTAA  on  the  U.S.  economy  in  Diao  and  Somwaru 

(1998). 
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remains  constant  with  a  constant  returns  to  scale  production  technology.  In  each  time  period,  the 
firm’s  profits,  div(n,i,t)  —  equivalent  to  the  gross  revenue  minus  labor  costs,  intermediate  input 
costs,  and  investment  costs  —  distributed  to  households.  Investment  raises  the  stock  of  capital 
with  waste  caused  by  capital  adjustment  costs.  Investment  goods  are  purchased  from  other 
sectors,  as  well  as  from  the  firm’s  own  forgone  outputs.  Investment  goods  can  also  be  imported 
from  abroad.  Formally,  the  firm’s  problem  can  be  described  as  follows: 
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In  equation  1,  Vn , ;  represents  the  value  of  firm  i  in  country  n  at  the  first  time  period;  l/JJ(l+rJ 
is  the  discount  factor  for  the  future  returns.  In  equation  2,  c \>(I/K;a)  is  the  capital  adjustment  cost 
function.  The  choice  variables  for  the  firms  are:  (1)  factor  inputs  of  labor,  LB(n,i,t)\  (2) 
intermediate  inputs,  ITD(n,i,j,t)\  (3)  output,  X(n,i,t)\  (4)  investment,  I(n,i,t)\  and  (5)  investment 
demand,  IVD(n,i,j,t).  The  set  of  n  in  each  variable  represents  region,  i  and  j  sector/commodity, 
and  t  time.  The  number  of  variables,  e.g.,  ITD(n,i,j,t),  is  hence  equal  to  n  x  /  xj  x  /.  For 
example,  if  the  model  includes  7  regions,  12  sectors  and  25  time  periods,  the  number  of  potential 
intermediate  input  variables  is  25,200,  while  the  number  of  sector  output  variables  equals  2,100. 
Besides  these  choice  variables  for  firms,  there  are  other  endogenous  variables  which  the  model 
must  solve.  They  include. outppt, price,  PX(n,i,t)\  price  for  intermediates,  PC(n,i,t)\  wage  rate, 
w(n,t);  unit  cost  of  investment,  Pl(n,i,t)\  and  world  interest  rate,  r(t). 

Households’  Decisions 

In  each  region,  the  representative  household  owns  land,  labor,  and  all  financial  wealth,  including 
the  equity  of  domestic  firms  and  foreign  assets.  Foreign  assets  are  riskless,  e.g.,  a  foreign 
country’s  government  bond.  The  households/consumers  make  consumption  and  saving  decisions 
to  maximize  their  intertemporal  utility  function  over  time.  The  total  consumption  expenditure 
(total  current  income  minus  current  savings)  and  consumer  demand  for  each  individual 
commodity  are  deteimined  simultaneously.  However,  the  current  consumption  is  not  determined 
or  constrained  by  consumer’s  current  income  because  of  savings.  The  intertemporal  budget 
constraint  prevents  unlimited  borrowing.  Both  borrowing  and  lending  occur  in  the  international 
capital  market.  Thus,  if  consumers’  current  consumption  plus  firms’  investment  are  above  the 
country’s  current  income  in  an  early  period,  there  is  international  borrowing.  In  the  future,  the 
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country’s  consumption  plus  investment  have  to  be  below  its  future  income,  because  the  country 
is  required  to  pay  interests  on  the  outstanding  debt  accumulated  from  borrowing. 

Government  Policies 

As  the  purpose  of  the  model  is  to  analyze  policy  response  of  the  economy,  the  government  is  not 
modeled  to  make  behavior  decisions.  It  does  not  maximize  any  objective  function.  The 
government  spends  a  fixed  share  of  income  on  each  commodity,  and  its  total  expenditure  is 
constrained  by  its  income.  This  implies  that  while  the  government’s  revenue  and  demand  for 
each  commodity  are  endogenously  solved,  the  imbalance  of  the  government  budget  has  to  be 
exogenously  determined  in  the  model. 

The  exclusion  of  government’s  behavioral  decisions  does  not  mean,  however,  that  the 
government  policies  are  ignored.  All  policy  variables  are  exogenous  in  the  model.  They  provide 
signals  from  which  private  agents  make  decisions.  Major  policy  variables  in  DYNAGEM 
include  import  tariff  rates  and  export  subsidy  rates,  as  well  as  some  non-tariff  barriers. 

World  Commodity  Markets  and  Exports/Imports 

International  trade  flows  are  tracked  by  country/region  of  origin  and  destination.  The  variable 
M(n,s,i,t)  represents  the  trade  flow  of  commodity  i  from  region  n  to  s  at  time  t  and  is  an 
endogenous  variable  in  the  model.  As  the  sectors  are  quite  aggregate  (e.g.,  the  sector  of  the  non¬ 
grain  crops  is  an  aggregation  of  oilseed,  cotton,  sugar,  and  etc.),  a  country  can  export  and  import 
the  same  good  simultaneously,  i.e.,  M(n,s,i,t)  and  M(s,n,i,t)  are  different  variables  and  may  be 
both  positive.  For  region  n,  M(n,s,i,t)  is  its  exports  of  good  i  to  region  s,  while  M(s,n,i,t)  is 
region  n’s  imports  of  the  same  good  from  s.  To  capture  such  a  two-way  trade  phenomenon,  the 
Armington  Assumption  (Armington,  1969)  is  used  in  the  model.  That  is,  a  good  (e.g.,  wheat) 
sold  to  the  domestic  market  (e.g.,  U.S.  market)  is  not  perfectly  substitutable  with  the  same  good 
(wheat)  imported  from  the  international  markets.  Such  an  imperfect  substitution  relationship  is 
also  applicable  to  the  same  good  (wheat)  imported  from  different  countries  (e.g.,  Canada  or 
Mexico).  This  implies  that,  for  commodity  i  and  region  n,  the  total  imports. 
exports,  EE(n,i,t),  are  functions  of  bilateral  trade  flows,  i.e., 

MM(n,i,t)  =f[M(s„n,i,t),  M(s2,n,i,t),  ...,  M(sN,n,i,t)], 

EE(n,i,t)  =  g  [M(n,s„i,t),  M(n,s2,i,t),  ...,  M(n,sN,i,t)], 

where  N  is  the  number  of  regions  included  in  the  model.  This  setup  allows  us  to  endogenously 
derive  import  demand  for  each  commodity  by  country  of  origin  and  destination. 

World  Capital  Market  and  International  Borrowing/Lending 

International  borrowing  and  lending  occur  in  DYNAGEM.  When  a  country’s  current 
consumption  plus  its  investments  are  above  its  current  domestic  income,  the  country  experiences 
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a  trade  deficit.  If  the  reverse  is  true,  the  country  experiences  a  trade  surplus.  If  the  country  does 
not  own  net  foreign  assets  that  can  generate  income  from  abroad,  the  trade  deficit  has  to  be 
financed  by  international  borrowing.  Once  international  borrowing  occurs,  we  observe  foreign 
capital  flowing  into  the  country.  The  current  period’s  foreign  borrowing  becomes  a  net  debt 
burden  and  either  increases  the  country’s  total  outstanding  debt  or  reduces  its  foreign  assets,  i.e., 


FB  ,  =  Y,J,T"(PWM  .M  .  -  PWM  M  .,) 


B 


n,t+  1 


(1  +  r)B  +  FB  , 

v  t'  n,t  n,t 


(5) 

(6) 


where  FB(n,t)  is  a  foreign  trade  deficit  of  region  n,  and  B(n,t)  is  foreign  debt.  A  negative  FB(n,t) 
implies  trade  surplus  for  region  n,  while  a  negative  B(n,t)  is  foreign  assets  for  n.  FB(n,t)  and 
B(n,t)  are  both  endogenous  variables  in  the  model,  while  the  initial  level  of  foreign  assets  or  debt 
is  given  exogenously.  It  is  clear  that  foreign  debt  in  each  region  accumulates  over  time  from 
trade  deficits  as  well  as  interest  payments  on  the  outstanding  debt.  From  equation  6,  we  can  see 
that,  once  there  exists  foreign  debt  for  a  country  at  time  t,  the  debt  will  accumulate  over  time, 
regardless  of  whether  the  country  balances  its  trade  in  the  following  years,  since  it  has  to  pay 
interest  on  its  outstanding  debt. 


If  we  rearrange  equation  6,  we  obtain  the  current  account  identity  equation4  as  follows: 


A  B  ,  =  rB  ,  +  FB  , 

n,t  t  n,t  n,t 


(6') 


A  country’s  current  account  deficit  (surplus)  is  equivalent  to  the  net  capital  inflow  (outflow),  and 
thus  the  country  increases  its  debt  burden  or  reduces  its  foreign  asset  holdings. 

It  is  clear  from  equation  6’  that  the  unbalanced  trade,  Fbn  is  a  major  factor  in  determining  the 
imbalance  in  the  current  account.  However,  the  trade  deficit  (or  surplus)  is  not  the  only  factor  to 
cause  a  currenfraccowntdeficji.^X^K^Korea  as  an  example.  In  1990,  Korea  ran  a  trade  surplus 
but  a  current  account  deficit,  because  Korea  had  to  pay  interest  on  its  huge  outstanding  aebt. -The,:" 
opposite  occurred  for  the  United  States:  in  many  years,  the  United  States  ran  trade  deficits  but 
current  account  surpluses,  because  the  United  States  owned  net  foreign  assets  during  those  years 
and  earned  enough  income  from  abroad. 

Equilibrium  Conditions 

In  DYNAGEM,  once  the  demand  for  labor  changes  as  a  result  of  changes  in  sectoral  production, 
the  factor  market  is  re-balanced  and  wage  rates  adjust.  This  occurs  because  the  supply  of  labor, 
LB(n),  is  equal  to  its  total  demand  within  regions  under  the  assumption  that  factors  are  not 
mobile  internationally,  i.e., 
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The  adjustment  in  a  country’s  foreign  exchange  reserves  is  ignored  in  equation  6. 
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(7) 


E  LB 
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n,ij 


Thus,  the  wage  rate,  \v(n,t),  for  each  region  and  each  time  period  is  endogenously  determined  by 
the  labor  market  equilibrium  condition  in  equation  7. 

For  the  global  model,  all  commodity  markets  have  to  clear.  This  equilibrium  constraint  implies 
that  the  world  prices,  PWM(n,s,i,t),  are  endogenously  determined  in  each  time  period,  and  a 
change  in  either  demand  for  or  supply  of  any  commodity  in  a  region  would  affect  the  world 
equilibrium  and  hence  cause  the  world  prices  to  adjust. 

For  the  intertemporal  model,  the  world  financial  capital  market  also  has  to  clear,  i.e.,  the  world¬ 
wide  sum  of  international  borrowing  and  lending  by  individual  countries  is  zero  at  any  time. 
Moreover,  the  current  account  has  to  balance  in  the  steady-state  equilibrium  in  order  to  avoid  a 
country’s  foreign  debt  from  infinitely  growing.  That  is,  the  left  hand  side  of  equation  6'  has  to  be 
zero  in  the  steady  state.  This  implies  that  a  country’s  intertemporal  budget  constraint  is  binding. 
It  is  clear  from  equation  6'  that  a  balanced  current  account  in  the  steady  state  requires  that  each 
country’s  foreign  debt  or  assets  be  constant,  and  that  there  are  no  new  foreign  borrowing  or 
lending  activities  along  the  steady-state  equilibrium  path.  However,  a  balanced  current  account 
does  not  imply  a  balanced  trade  account.  If  a  country  borrows  from  abroad  and  hence  runs  a 
foreign  debt,  it  has  to  run  a  trade  surplus  along  the  transitional  path  to  the  steady  state  in  order  to 
pay  the  interest  costs  on  the  debt.  This  intertemporal  equilibrium  condition  allows  us  to  calibrate 
the  model  parameters  from  a  global  database  (such  as  the  GTAP  database)  in  which  there  are 
only  flow  data  (i.e.,  there  are  no  data  for  the  stock  of  a  country’s  foreign  debt/assets).  The 
calibration  strategy  can  be  found  in  Appendix  II. 

The  intra-  and  inter-temporal  equilibria  of  all  endogenous  variables  in  all  regions  and  all  time 
periods  are  solved  simultaneously,  such  that  a  change  in  trade  policy  in  one  year  not  only  affects 
the  choices  of  agents  in  that  year  but  also  in  all  coming  years.  In  sum,  the  model  successfully 
cndogenizes  most  economic  decision  variable^  *ci  iiuie- while  the  number  of  exogenous  _ 
variables  is  kept  to  a  minimum. 


Data  and  Model  Calibration 


The  Data 

The  data  for  the  model’s  calibration  and  for  the  “base-run”  are  drawn  from  the  Global  Trade 
Analysis  Project  (GTAP)5  database,  version  3,  which  typifies  the  world  in  1992.  GTAP  database 
version  3  includes  production  and  consumption  data  of  30  countries/regions  on  37  commodities, 
as  well  as  bilateral  trade  for  each  of  the  37  commodities  among  the  countries. 


5  See  McDougall  (1997). 
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Aggregation  of  the  GTAP  database  in  DYNAGEM  is  quite  flexible.  For  example,  in  the  NAFTA 
application,  the  database  was  aggregated  into  7  regions  and  12  sectoral  commodities.  The  seven 
countries  or  regions  included  in  the  model  are:  (1)  the  United  States,  (2)  Canada,  (3)  Mexico,  (4) 
the  Rest  of  Western  Hemisphere  Countries,  (5)  the  European  Union,  (6)  Asian  Countries,  and  (7) 
the  Rest  of  the  World.  In  each  country  or  region,  the  12  production  activities  and  commodities 
are:  (1)  paddy  and  processed  rice,  (2)  wheat,  (3)  other  grains  including  com,  barley,  and  oats,  (4) 
nongrain  crops  including  fruits,  vegetables,  sugar,  oilseeds,  and  cotton,  (5)  livestock,  (6)  meat 
products,  (7)  milk  and  dairy  products,  (8)  beverages  and  tobacco  products,  (9)  other  processed 
food  products,  (10)  manufacturing  products,  (11)  trade  and  transportation  services,  and  (12) 
other  services. 

Calibration  Method 

The  calibration  of  the  model  involves  specifying  values  for  certain  parameters  obtained  from 
external  sources  and  denving  the  remaining  ones  from  restrictions  posed  by  the  equilibnum 
conditions.  The  demand  elasticities  of  substitution  between  domestic  and  imported  goods  or 
among  the  goods  imported  from  different  countries  of  ongin  are  obtained  from  the  GTAP 
database.  In  addition,  parameters  related  to  intertemporal  decisions  are  obtained  from  other 
macroeconomic  studies. 

The  method  used  to  calibrate  parameters  and  initial  values  of  variables  associated  with  the  intra¬ 
temporal  economic  activities  involves  standard  processes  used  in  static  CGE  modeling  efforts. 
For  example,  to  derive  a  Mexican  import  demand  function  for  U.S.  wheat,  information  about  the 
share  of  U.S.  wheat  in  Mexican  total  wheat  imports  is  needed,  as  well  as  the  substitution 
relationship  between  U.S.  wheat  and  Canadian  wheat.  The  share  parameter,  i.e.,  an  expenditure 
share  of  each  commodity  by  geographic  origin  in  total  expenditure  on  this  commodity  in  a 
specific  region,  is  calculated  from  these  data.  Discussion  about  the  calibration  strategy  for  the 
parameters  or  initial  values  of  stock  variables  associated  with  intertemporal  behaviors  is  in 
Appendix  El. 

Policy  Simulations 

The  parameters  of  DYNAGEM,  together  with  the  levels  of  labor  and  land  supply,  the  initial 
capital  stock,  and  the  initial  trade  deficit/surplus  observed  in  the  data  for  each  country  or  region, 
serve  as  a  starting  point  for  the  base  run.  If  policies  do  not  change,  e.g.,  if  NAFTA  arrangements 
were  not  introduced  into  the  model,  then  the  model  would  exactly  re-generate  the  base  year 
(1992)  data. 

The  economic  impacts  of  regional  trade  agreements  are  analyzed  by  exogenously  introducing  a 
policy  change  into  the  model,  for  example,  eliminating  tariffs  among  member  countries  of  a 
Regional  Trade  Arrangement  (RTA).  Producers  and  consumers  respond  to  such  a  policy  change 
by  making  a  series  of  adjustments  in  their  decision  variables.  Such  adjustments  occur 
simultaneously  in  the  model  and  affect  the  whole  price  system,  including  world  market  prices  for 
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each  individual  commodity,  wage  rates  for  each  region,  as  well  as  expected  returns  to  capital 
investment.  These  price  changes  generate,  in  turn,  interlinkage  effects  between,  for  example, 
production  and  consumption  or  between  imports  and  exports  and  so  on.  A  new  general 
equilibrium  path  for  each  endogenous  variable  is  obtained  from  these  interlinkage  adjustments. 
Along  the  transitional  path  for  each  variable,  its  value  for  each  time  period  is  also  obtained.  The 
effect  of  the  policy  change  on  any  endogenous  variable  is  obtained  from  the  comparison  between 
its  new  value  and  its  base-year  value. 

In  the  following  section,  the  economic  impacts  of  NAFTA  are  discussed  by  using  this  model. 

The  purpose  is  to  illustrate  how  DYNAGEM  can  be  used  in  policy  analysis.  Therefore,  not  all 
model  results  are  reported  here. 

Empirical  Application  of  DYNAGEM 

DYNAGEM  has  been  used  in  several  applications  at  ERS,  including  evaluating  MERCOSUR, 
NAFTA,  and  the  FTAA.  The  remainder  of  this  report  will  document  the  use  of  DYNAGEM  for 
NAFTA  analysis.  Detailed  model  results  and  their  relevance  to  actual  changes  are  published  in 
an  ERS  NAFTA  report  (USDA,  ERS,  1997). 

The  North  American  Free  Trade  Agreement  (NAFTA)  came  into  effect  on  January  1,  1994,  and 
set  in  motion  the  elimination  of  all  tariff  and  many  nontariff  barriers  within  15  years  of 
implementation  for  Canada,  Mexico,  and  the  United  States.  NAFTA  captivated  the  attention  of 
many  researchers  before  its  implementation  because  of  its  strategic  importance.  These 
researchers  identified  the  potential  policy  impacts  of  NAFTA  (see  related  references  in  USDA, 
ERS,  1997).  Since  NAFTA  has  gone  into  effect,  however,  few  research  efforts  have  been 
devoted  to  tracking  or  analyzing  how  NAFTA  has,  in  fact,  affected  its  member  countries’ 
economies.  Three  years  of  observable  data  are  now  available.  Most  of  the  available  literature 
which  attempts  to  describe  post-NAFTA  economic  changes  can  be  categorized  as  reviews  of  the 
trends  and  events.  They  do  not  explain  the  economic  mechanisms  underlying  these  changes 
(e.g.,  EDB,  1996;  UNECLAC,  1996;  USITC,  1996;  USTR,  1996). 

Numerous  debates  have  been  taking  place  among  economists  about  methodological  approaches 
for  predicting  what  might  be  the  impacts  of  regional  trade  agreements  on  member  countries’ 
employment  and  social  welfare.  These  debates  have  served  to  advance  the  development  of  new 
tools  and  techniques  in  policy-relevant  research,  focusing  attention  on  accurately  determining  the 
dimensions  of  possible  short-  and  long-term  impacts  of  trade  liberalization  and  regional 
integration  (see,  e.g.,  Hinojosa-Ojeda  et  al.,  1992;  Abler  and  Pick,  1993;  Burfisher  et.  al.,  1993; 
Shiells,  1993;  Srinivasan,  et  al.,  1993;  Baer  and  Weintraub,  1994;  Francois  and  Shiells,  1994; 
Imada-Iboshi  and  McCleery,  1994;  Roland-Holst  et  al.,1994;  Devadoss,  et  al.,  1995;  Rivera, 
1995;  Bolle,  1996;  and  Gould,  1996). 
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Table  1  —  Tariff  rates  among  the  NAFTA  countries,  1992 

U.S.  imports  from  Canadian  imports  from  Mexican  imports  from 
Canada  Mexico  USA  Mexico  USA  Canada 

Percent  of  import  value  at  the  world  price 


Paddy  and  processed  rice 

5.73 

13.26 

4.79 

8.27 

4.80 

Wheat 

28.03 

5.45 

14.02 

5.38 

13.00 

Other  grains 

26.12 

9.24 

0.44 

9.12 

2.74 

Non  grain  crops 

38.41 

3.48 

50.36 

3.44 

68.64 

3.44 

Livestock 

0.33 

0.01 

1.09 

0.00 

1.54 

Meat  products 

28.29 

21.44 

14.15 

21.18 

14.29 

28.25 

Other  food  products 

4.89 

16.49 

2.18 

16.29 

7.49 

5.67 

Milk  products 

180.25 

0.00 

105.63 

106.70 

Beverages  and  tobacco 

9.82 

19.70 

3.14 

19.45 

7.31 

1.79 

Other  manufacturing  goods 

1.41 

10.42 

0.34 

9.63 

5.16 

6.80 

NAFTA  has  just  completed  its  fourth  year.  The  initial  years  of  NAFTA  implementation  have 
been  characterized  by  significant,  concurrent  changes  in  domestic  agricultural  policies  of  the 
United  States,  Canada,  and  Mexico,  and  in  the  global  trade  policy  environment  for  agriculture. 
The  Mexican  peso  crisis  and  economic  recession  in  1995,  together  with  other  unexpected  factors, 
overwhelmed  the  effects  of  the  early  tariff  reductions  under  NAFTA  in  many  cases  and  affected 
trade  in  a  number  of  commodities  in  the  North  American  market.  Therefore,  it  was  necessary  to 
separate  the  pure  NAFTA  trade  effects  from  the  impacts  of  the  other  external  forces.  To 
accomplish  this,  1992  data  and  applied  trade  protection  policies  from  the  database  (table  1)  were 
used  as  a  proxy  for  levels  of  investment  and  employment  pre-NAFTA.  Then,  the  tariff  rates 
were  reduced  according  to  the  NAFTA  timetable  in  its  first  3  years  (table  2).  The  scenario 
captures  NAFTA’s  tariff  reduction  schedules  but  left  the  nontariff  barriers  untouched.6  Thus,  the 
economic  adjustments  due  to  NAFTA  in  the  three  member  economies  to  date  are  observed  by  the 
differences  between  the  solved  results  for  the  endogenous  variabUs  obtained  from  the  policy 
experiment  and  their  initial  values  in  the  data. 

The  overall  impact  of  the  NAFTA  simulation  in  the  model  is  modest  for  each  of  the  three 
countries  in  the  first  3  years,  while  the  benefits  are  consistently  positive  for  all  three  economies 
(table  3).  The  modest  size  of  the  impacts  is  not  surprising  because  the  tariff  reductions  in  the 
simulation  are  small,  which  is  consistent  with  NAFTA’s  real  situation  in  its  first  3  years.  Such 
small  tariff  reductions  do  not  have  significant  influences  on  investment  and  employment,  even  in 
an  intertemporal  model.  In  the  model,  3  years  into  NAFTA,  investment  increases  by  only  0.02 
percent  in  the  United  States,  0. 1  percent  in  Canada  and  0.8  percent  in  Mexico,  compared  with 


6  Due  to  the  data  limitation  about  the  quantitative  restriction,  liberalization  of  the  nontariff  barriers,  which  is  part 
of  NAFTA,  is  not  taken  into  account  in  the  model.  Hence,  the  model  results  may  understate  the  effects  of  NAFTA. 
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what  would  have  happened  without  the  agreement.  Thus,  the  simulation  results  also  show  small 
positive  change  in  each  member  country’s  welfare,  measured  by  either  the  growth  in  a  country’s 
real  GDP  or  change  in  the  welfare  equivalent  variation. 

Table  2  --  Tariff  rates  among  the  NAFTA  countries,  1996 

U.S.  impoits  from  Canadian  imports  from  Mexican  imports  from 


Canada 

Mexico 

USA 

Mexico 

USA 

Canada 

Percent  of  import  value  at  the  world  price 

Paddy  and  processed  rice 

5.45 

12.60 

4.55 

7.86 

4.56 

0.00 

Wheat 

26.63 

5.17 

13.32 

5.11 

12.35 

0.00 

Other  grains 

22.98 

8.12 

0.34 

7.30 

2.47 

0.00 

Nongrain  crops 

32.26 

2.96 

41.80 

2.85 

61.78 

3.09 

Livestock 

0.28 

0.00 

0.90 

0.00 

1.40 

0.00 

Meat  products 

24.05 

18.01 

11.60 

17.37 

12.86 

25.14 

Other  food  products 

3.82 

12.86 

1.67 

12.54 

6.73 

5.11 

Milk  products 

178.40 

0.00 

104.58 

0.00 

106.70 

0.00 

Beverages  and  tobacco 

7.66 

15.17 

2.42 

14.98 

6.43 

1.51 

Other  manufacturing  goods 

1.06 

7.81 

0.27 

7.71 

4.13 

5.44 

The  effects  of  tariff  reductions  on  NAFTA  member  countries’  trade  are  large  relative  to  other 
impacts.  The  simulation  results  show  that  total  exports  are  about  0.3,  0.5,  and  2  percent  higher, 
respectively,  in  the  United  States,  Canada,  and  Mexico,  than  they  would  have  been  without  the 
agreement.  Similarly,  total  imports  by  the  United  States,  Canada  and  Mexico  are  about  0.3,  0.5, 
and  2.1  percent  higher,  respectively,  than  they  would  have  been  without  NAFTA.  Products 
having  the  highest  tariff  barriers  before  the  agreement  and  facing  significant  reductions  in  the 
simulation  are  those  that  have  experienced  the  biggest  trade  changes  due  to  NAFTA. 
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Tabic  3  --  Change  in  NAFTA  countries’  major  economic  indicators  due  to  NAFTA,  1996 


U.S. 

Canada 

Mexico 

Percent  change  from  1992 

Real  GDP1 

0.001 

0.005 

0.034 

Total  real  investment 

0.023 

0.101 

0.789 

Total  consumption 

0.021 

0.093 

0.215 

Average  wage 

0.065 

0.050 

0.065 

Welfare  index2 

0.011 

0.045 

0.107 

Total  exports 

0.313 

0.451 

2.032 

Total  imports 

0.291 

0.497 

2.131 

Trade  deficit3 

-0.057 

N/A 

2.582 

Trade  surplus 

N/A 

-0.829 

N/A 

Current  account4 

-2.309 

4.897 

38.111 

1  GDP  growth  is  in  per  capita  terms  and  technical  progress  is  not  taken  into  account. 

2  The  welfare  index  is  measured  by  the  equivalent  variation  which  takes  into  account  both  the 
short-  and  long-run  effects  of  NAFTA. 

3  The  negative  sign  implies  trade  deficit  reduction. 

4  The  negative  sign  indicates  a  current  account  surplus  which  implies  capital  inflows,  while  a 
positive  sign  indicates  a  current  account  deficit. 

Impacts  of  NAFTA  on  Investment  in  U.S.  Agriculture  and  Rural  Areas 

The  adjustment  path  of  investment  generated  by  DYNAGEM  is  much  smoother  than  what  might 
happen  in  the  real  world.  In  the  model,  two  types  of  investment  adjustments  occur.  First,  the 
total  investment  rises  due  to  an  expectation  for  a  rise  in  future  returns  from  capital  after  NAFTA. 
Then,  the  allocation  of  investment  among  different  production  sectors  adjusts,  and  investment 
mainly  occurs  in  the  most  competitive  sectors. 

Agricultural  investment  is  a  small  portion  of  total  investment  within  NAFTA.  The  data  show 
that  in  1992,  agricultural  investment  accounted  for  5.9  percent  of  total  investment  in  the  United 
States,  6.4  percent  in  Canada,  and  1 1.5  percent  in  Mexico.  In  the  modeling  framework,  the  three 
economies  first  begin  to  adjust  in  1993,  the  year  after  the  agreement  was  formally  ratified  and 
before  implementation  began.  The  model  shows  both  the  level  of  total  investment  in  the 
economy  and  the  share  of  investment  going  to  agriculture  rising  slightly.  By  1996,  the  total 
investment  (in  real  terms)  rises,  according  to  the  simulation  results,  by  less  than  0.1  percent  in 
the  United  States  and  Canada  and  0.8  percent  in  Mexico  (table  3).  The  share  of  total  investment 
going  to  agriculture  increases  slightly  in  the  three  countries,  compared  with  what  would  have 
happened  without  NAFTA. 

As  both  total  investments  and  the  agricultural  share  rise,  investment  in  agriculture  also  rises 
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(table  4).  For  the  United  States,  the  investment  measured  by  the  base-year  price  level  in 
agriculture  and  related  sectors  increases  0.2  percent  in  1996  compared  with  what  would  have 
occurred  without  NAFTA.  Investment  growth  in  the  United  States  is  highest  in  crop  production 
and  processed  food  products,  but  livestock  production  gains  as  well.  Investment  in  the  Canadian 
agricultural  sector  increases  slightly  more,  0.7  percent,  with  large  gains  in  the  livestock  and 
beverages  sectors.  For  Mexico,  the  overall  increase  in  investment  in  agriculture  and  related 
sectors  is  somewhat  higher  at  0.9  percent,  with  the  largest  gains  in  the  crops  sector  and  beverages 
and  tobacco  sector. 

With  an  increase  in  capital  investment,  a  country’s  domestic  savings,  i.e.,  a  country’s  national 
income  minus  its  consumers’  final  consumption,  may  not  be  enough  to  finance  the  investment. 
Thus,  the  rise  in  investment  has  to  be  partially  financed  by  foreign  capital  inflows.  In  the  model, 
we  observe  that,  as  Mexico’s  capital  investment  rises  more  rapidly,  there  are  foreign  capital 
inflows  into  the  country. 

The  existence  of  an  international  financial  capital  market  in  the  model  implies  that  U.S. 
investment  opportunity  is  not  limited  by  country  border.  Foreign  capital  inflows  into  Mexico 
may  imply  a  rise  in  foreign  assets  for  U.S.  households  or  an  increase  in  foreign  investment  for 
U.S.  firms.  With  the  perfect  international  capital  market  assumption,  DYNAGEM  cannot  tell  the 
difference  between  foreign  direct  investment  and  indirect  investment  through  financial 
arrangements.  However,  the  model  simulation  results  show  that  the  United  States  and  Canada 
are  the  major  suppliers  of  foreign  capital  for  the  rise  in  Mexico’s  investment  due  to  NAFTA. 
These  results  are  consistent  with  the  strong  record  of  U.S.  food  processing  companies  operating 
in  Mexico  and  Canada  as  indicated  by  empirical  data. 

Increased  investment  in  Mexico  further  raises  import  demand  for  U.S.  capital  goods.  The  base 
year  data  indicate  that  imports  of  capital  goods  from  the  United  States  accounted  for  70  percent 
of  the  Mexican  imports  of  capital  goods.  As  investment  rises  in  Mexico,  the  simulation  results 
show  that  Mexico  increases  imports  of  capital  goods  from  the  United  States  by  4  percent  in  1996 
due  to  NAFTA. 

Table  4  —  Change  in  investment  by  sector  due  to  NAFTA,  1996   

U.S.  Canada  Mexico 


Percent  change  from  1992  in  real  terms 


Agriculture  and  related  sectors 

0.19 

0.67 

0.91 

Crops 

0.36 

-0.06 

1.55 

Livestock 

0.14 

1.04 

0.60 

Processed  food  products 

0.19 

0.68 

0.67 

Beverages  and  tobacco 

0.06 

1.10 

1.17 

Other  manufacturing 

0.05 

0.14 

1.92 

Trade  and  transportation 

0.04 

0.10 

0.55 

Other  services 

-0.01 

0.01 

-0.22 
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Impacts  of  NAFTA  on  Employment  in  U.S.  Agriculture 

In  order  to  endogenously  determine  the  wage  rate,  the  model  assumes  that  the  supply  of  labor  is 
equal  to  the  total  demand  for  labor  employed  in  each  region.  However,  labor  can  move  across 
sectors  within  a  region,  and  employment  would  be  expected  to  fall  in  those  sectors  where  output 
declines  and  to  grow  in  those  sectors  where  output  expands. 

The  simulation  results  show  that  the  greatest  rise  in  employment  in  the  United  States  is  in 
nongrain  crops,  livestock  and  meat-related  industries,  and  other  processed  food  products.  This 
implies  that  NAFTA  would  stimulate  employment  growth  in  the  United  State  sectors  providing 
high-value  products  for  export  to  Canada  and  Mexico.  The  change  in  Canada’s  rural 
employment  in  the  simulation  is  similar,  that  is,  employment  in  agriculture  and  agriculture- 
related  industries  rises  slightly.  The  greatest  rise  would  be  expected  in  livestock  and  meat- 
related  industries  and  beverage  and  tobacco  industries,  while  the  employment  would  fall  for 
nongrain  crops.  In  Mexico,  the  employment  level  rises  only  in  nongrain  crops,  and  falls  in  all 
other  agricultural  and  agriculturally  related  industries. 


Table  5  —  Change  in  sectoral  labor  demand  due  to  NAFTA,  1996 


U.S. 

Canada 

Mexico 

Percent  change  from  1992 

Grain  crops 

0.062 

0.193 

-0.138 

Rice 

0.048 

0.009 

-0.386 

Wheat 

-0.104 

0.235 

-0.216 

Other  grains 

0.098 

0.120 

-0.117 

Nongrain  crops 

0.213 

-0.442 

0.426 

Livestock 

0.058 

0.710 

-0.103 

Meat  products 

0.069 

0.670 

-0.201 

Other  processed  food  products 

0.071 

0.361 

-0.136 

Milk  products 

0.011 

0.332 

-0.190 

Beverages  and  tobacco 

-0.006 

0.605 

0.097 

Aggregate  agricultural  labor 

0.070 

0.360 

0.090 

Impacts  of  NAFTA  on  U.S.  Agricultural  Trade 

In  general,  a  free-trade  area  in  which  tariffs  are  lowered  or  eliminated  among  its  member 
countries  creates  trade  opportunities  for  members.  However,  as  most  tariffs  in  agricultural  trade 
among  the  United  States,  Canada,  and  Mexico  were  relatively  low  before  NAFTA,  and  tariffs  are 
only  partially  reduced  in  the  simulation,  large  changes  in  trade  flows  are  unlikely. 
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The  model  results  indicate  that  exports  of  U.S.  agricultural  goods  to  Mexico  and  Canada  are 
about  3  and  7  percent  higher,  respectively,  and  imports  from  Mexico  and  Canada  are  about  3  and 
5  percent  higher,  respectively,  in  1996  than  they  would  have  been  without  the  agreement  (table 
6).  In  total,  U.S.  agricultural  and  agriculture-related  exports  to  the  world  are  about  1  percent 
higher  than  they  would  have  been  without  NAFTA.  Canada’s  total  agricultural  exports  increase 
about  3  percent,  while  Mexico’s  total  agricultural  exports  rise  by  2  percent,  compared  with  what 
they  would  have  been  without  NAFTA. 

Increase  in  trade  among  the  member  countries  contributes  to  the  expansion  of  their  total  trade, 
while  trade  with  third  countries  may  fall.  The  model  results  indicate  that  U.S.  agricultural 
exports  to  the  rest  of  the  world  are  0.2  percent  lower  than  they  would  have  been  without 
NAFTA.  Canada  slightly  increases  its  agricultural  exports  to  the  rest  of  the  world  (by  0.06 
percent),  while  Mexico  reduces  its  exports  to  the  rest  of  the  world  by  3  percent,  compared  with 
what  they  would  have  been  without  NAFTA.  Detailed  results  about  the  changes  in  exports  and 
imports  of  major  agricultural  sectoral  goods  of  the  three  member  countries  due  to  NAFTA  are 
presented  in  table  6. 
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Table  6  --  Change  in  NAFTA  member  countries’  trade  due  to  NAFTA,  1996 

_ U.S. _  Canada  Mexico 


Exports  Imports  Expojts  Imports  Exports  Imports 
Percent  change  from  1992 


Total  agricultural  products 

0.82 

0.70 

2.87 

2.35 

2.26 

2.33 

Paddy  and  processed  rice 

-0.05 

0.19 

0.80 

0.26 

-2.14 

1.31 

Wheat 

-0.26 

1.50 

0.24 

2.52 

0.00 

1.34 

Other  grains 

0.08 

0.36 

0.37 

5.34 

-2.23 

1.76 

Nongrain  crops 

1.56 

1.32 

7.03 

6.33 

4.06 

2.07 

Livestock 

-0.14 

0.67 

1.75 

-0.25 

-2.02 

1.15 

Meat  products 

1.60 

1.45 

7.14 

4.88 

0.14 

3.85 

Other  processed  food  products 

0.77 

0.42 

1.55 

1.28 

0.90 

3.22 

Milk  products 

0.08 

1.81 

0.45 

0.28 

-1.89 

0.90 

Beverages  and  tobacco 

0.08 

0.56 

3.31 

1.53 

1.04 

2.48 

Total  nonagricultural  products 

0.25 

0.22 

0.32 

0.29 

2.07 

1.57 

Manufacturing 

0.26 

0.37 

0.40 

0.34 

2.37 

2.51 

Trade  and  transportation 

0.03 

-0.12 

-0.06 

0.02 

0.82 

-1.49 

Other  services 

0.08 

-0.13 

-0.09 

0.07 

0.74 

-1.47 

U.S.  exports  to 

Canadian  exports  to 

Mexican  exports  to 

Canada 

Mexico 

U.S. 

Mexico 

U.S. 

Canada 

Total  agricultural  products 

7.12 

3.02 

5.21 

2.89 

3.24 

-7.14 

Paddy  and  processed  rice 

0.5 

2.3 

1.38 

1.93 

0 

0 

Wheat 

2.52 

1.17 

1.51 

1.6 

0 

0 

Other  grains 

5.72 

1.77 

0.52 

2.22 

-1.14 

0 

Nongrain  crops 

11.9 

2.63 

23.82 

1.67 

5.3 

-10.78 

Livestock 

-0.27 

1.03 

1.87 

2.47 

-2.02 

-2.63 

Meat  products 

9.41 

4.13 

9.68 

10.79 

2.47 

3.4 

Other  processed  food  products 

2.86 

4.48 

2.33 

4.99 

1.38 

-0.64 

Milk  products 

2.34 

0.68 

2.5 

1.07 

-1.79 

0 

Beverages  and  tobacco 

11.27 

7.43 

3.94 

7.42 

2.22 

-2.29 

Total  nonagricultural  products 

0.69 

3.14 

0.36 

3.07 

2.82 

3.5 

Manufacturing 

0.92 

3.77 

0.39 

3.74 

3.54 

4.56 

Trade  and  transportation 

-0.1 

0.75 

0.14 

0.91 

-1.36 

-1.44 

Other  services 

-0.15 

0.68 

0.11 

0.88 

-1.45 

-1.52 
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Conclusions 


This  report  documents  the  Dynamic  Applied  General  Equilibrium  Model  (DYNAGEM)  that  has 
been  used  within  ERS  to  examine  the  economic  impacts  of  regional  trade  agreements.  In 
contrast  with  static  CGE  models,  DYNAGEM  endogenizes  forward-looking  economic  behavior, 
such  as  investment,  savings,  and  international  capital  flows.  The  model  is  global  and  flexible  in 
country/region  coverage.  All  countries/regions  are  characterized  by  their  intertemporal  economic 
behavior.  Consequently,  DYNAGEM  is  better  able  to  analyze  economic  adjustment  processes 
induced  by  a  policy  change  in  both  the  short-  and  medium-run. 

Results  emanating  from  a  dynamic  applied  GE  model  like  DYNAGEM  have  to  be  kept  in 
perspective  for  a  number  of  reasons.  First,  DYNAGEM  is  a  simulation  model.  Consequently, 
the  policy  experiments  are  comparative  in  nature— they  are  meaningful  only  in  relation  to  the 
base  run.  DYNAGEM  cannot  generate  forecasts  of  the  future. 

Second,  both  the  consumption  and  production  activities  of  the  economy  are  modeled  in  very 
aggregate  terms.  DYNAGEM  embodies  the  representative  national  consumer.  This  level  of 
aggregation,  though  a  common  device  in  modem  macroeconomic  thinking,  excludes  analyses  of 
income  distribution  or  issues  related  to  the  heterogeneity  of  the  private  sectors.  Similarly,  the 
model  does  not  incorporate  government  saving  and  investment  behavior.  Hence,  it  cannot 
capture  spillover  effects  of  public  consumption  and  investment  on  the  private  sector. 

Third,  the  simulation  exercises  of  DYNAGEM  reflect  equilibrium  relationships  based  upon  a 
smooth  time  horizon.  Thus,  the  speed  of  transitional  adjustment  of  many  variables  to  their 
equilibrium  paths  should  not  be  taken  as  a  measure  of  the  global  stability  properties  of  the 
modeled  economies,  but  rather  as  a  direct  outcome  of  the  laboratory  characteristics  of  a  GE 
model  with  well-behaved  functional  forms  and  without  any  rigidity  or  structural  bottleneck. 


17 


References 


Abler,  D.G.,  and  D.  Pick  (1993)  “NAFTA,  Agriculture  and  the  Environment  in  Mexico,” 
American  Journal  of  Agricultural  Economics ,  75(3):  794-802. 

Armington,  P.  (1969)  "A  Theory  of  Demand  for  Products  Distinguished  by  Place  of  Production," 
IMF  Staff  Papers  vol.  16:  159-176. 

Baer,  M.D.,  and  S.  Weintraub  (1994)  The  NAFTA  Debate:  Grappling  with  Unconventional 
Trade  Issues ,  Boulder,  CO:  Lynne  Rienner  Publishers. 

Barro,  R.J.  (1984)  Macroeconomics,  first  edition,  New  York:  Wiley. 

Barro,  R.J.,  and  X.  Sala-i-Martin  (1995)  Economic  Growth,  New  York:  McGraw-Hill,  Inc. 

Bolle,  M.J.  (1996)  NAFTA:  Estimates  of  Job  Effects  and  Industry  Trade  Trends  after  Two  Years, 
CRS  Report  for  Congress,  Congressional  Research  Service,  The  Library  of  Congress,  April  19, 
1996. 

Brooke,  A.,  D.  Kendrick,  and  A.  Meeraus  (1988)  A  User’s  Guide,  San  Francisco:  Scientific 
Press. 

Brown,  D.K.,  A.V.  Deardorff,  and  R.M.  Stem  (1992)  “A  North  American  Free  Trade 
Agreement:  Analytical  Issues  and  Computational  Assessment,”  World  Economy,  15:11-30. 

Burfisher,  M.,  S.  Robinson,  R.  Hinojosa,  and  K.  Thierfelder  (1993)  “Agriculture  in  a  U.S.- 
Mexico  Free  Trade  Agreement:  A  Computable  General  Equilibrium  Model  with  Migration  and 
Farm  Programs,”  Journal  of  Policy  Modeling,  February  1993. 

Cox,  D.,  and  R.  Harris  (1992)  “North  American  Free  Trade  and  Its  Implications  for  Canada:  . 

Results  from  a  CGE  Model  of  North  American  Trade,”  World  Economy,  15:  31-44. 

Devadoss,  S.,  J.  Kroph,  and  T.  Wahl  (1995)  “Trade  Creation  and  Diversion  Effects  of  the  North 
American  Free  Trade  Agreement  of  Sugar  Imports  from  Mexico,”  Journal  of  Agricultural  and 
Resource  Economics,  20(2):  215-230. 

Devarajan,  S.,  and  D.S.  Go  (1995)  “The  Simplest  Dynamic  General  Equilibrium  Model  of  an 
Open  Economy,”  Journal  of  Policy  Modeling,  forthcoming. 

Dervis,  K.,  J.  De  Melo,  and  S.  Robinson  (1992)  General  Equilibrium  Models  for  Development 
Policy,  Cambridge  University  Press. 

Diao,  X.,  and  A.  Somwaru  (1999a)  “MERCOSUR  and  U.S.:  An  Intertemporal  General 


18 


Equilibrium  Evaluation  of  Regional  Integration,”  International  Economic  Journal,  13(1)  27-43. 

Diao,  X.,  and  A.  Somwaru  (1999b)  “An  Inquiry  on  General  Equilibrium  Effects  of 
MERCOSUR:  An  Intertemporal  World  Model,”  Journal  of  Policy  Modeling,  forthcoming. 

Diao,  X.,  E.  Yeldan,  and  T.  Roe  (1999)  “How  Fiscal  Mismanagement  May  Impede  Trade 
Reform:  Lessons  from  an  Intertemporal,  Multi-Sector  General  Equilibrium  Model  for  Turkey,” 
Developing  Economies,  37(1)  59-88. 

Diao,  X.,  and  T.  Roe  (1998)  “Trade  Liberalization  and  Water  User-Rights  Market:  A  Dynamic 
General  Equilibrium  Analysis  of  the  Moroccan  Case,”  paper  presented  at  the  World  Bank 
Workshop  “The  Political  Economy  of  Water  Pricing  Implementation,”  November  10-12,  1998, 
Washington,  DC. 

Diao,  X.,  and  A.  Somwaru  (1998)  “A  Dynamic  Evaluation  of  the  Effects  of  Western  Hemisphere 
Integration  on  the  U.S.  Economy,”  Regional  Trade  Agreements  and  U.S.  Agriculture,  U.S. 
Department  of  Agriculture,  Economic  Research  Service. 

Diao,  X.,  W.  Li,  and  E.  Yeldan  (1998)  “Challenges  and  Choices  in  Post-Crisis  East-Asia: 
Simulations  of  Investment  Policy  Reform  in  An  Intertemporal,  Global  Model,”  Working  Paper 
98-7,  Federal  Reserve  Bank  of  Richmond. 

Francois,  J.F.,  and  C.R.  Shiells  (eds.)  (1994)  Modeling  Trade  Policy,  Applied  General 
Equilibrium  Assessments  of  North  American  Free  Trade,  Cambridge  University  Press. 

Go,  D.S.  (1994)  "External  Shocks,  Adjustment  Policies,  and  Investment  in  a  Developing 
Economy  -  Illustrations  from  a  Forward-Looking  CGE  Model  of  the  Philippines,"  Journal  of 
Development  Economics,  44:  229-261. 

Gould,  D.M.  (1996)  “Distinguishing  NAFTA  from  the  Peso  Crisis,”  Southwest  Economy , 
Federal  Reserve  Bank  of  Dallas,  Issue  5,  September/October,  6-10. 

Goulder,  L.H.,  and  L.H.  Summers  (1989)  “Tax  Policy,  Asset  Prices,  and  Growth,  A  General 
Equilibrium  Analysis,”  Journal  of  Public  Economics,  38:265-296 

Grossman,  G.M.,  and  E.  Helpman  (1991)  Innovation  and  Growth  in  the  Global  Economy, 
Cambridge,  MA:  MIT  Press. 

Hertel,  T.W.  (1995)  GTAP  Database,  Version  3,  Purdue  University. 

Hinojosa,  O.R.,  and  S.  Robinson  (1992)  “Alternative  Scenarios  of  U.S.  Mexico  Integration:  A 
Computable  General  Equilibrium  Approach,”  Economia  Mexicana,  1(1):  71-144. 

Ho,  M.S.  (1989)  "The  Effects  of  External  Linkages  on  U.S.  Economic  Growth:  A  Dynamic 


19 


General  Equilibrium  Analysis,"  Ph.D.  thesis,  Harvard  University. 

Imada-Iboshi,  P.,  and  R.  McCleery  (1994)  “Estimating  the  Medium-Term  Impact  of  NAFTA  on 
Production,  Trade,  and  Employment,”  North  American  Journal  of  Economics  and  Finance,  5(2): 
169-183. 

Inter-American  Development  Bank  (1996)  Integration  and  Trade  in  the  Americas,  Washington, 
DC,  Division  of  Trade  and  Hemisphere  Issues,  Statistics  and  Quantitative  Analysis  Unit,  August. 

McDougall,  R.  (1997)  Global  Trade,  Assistance,  and  Protection:  The  GTAP  3  Data  Base,  Center 
for  Global  Trade  Analysis,  Purdue  University,  January. 

McKibbin,  W.J.  (1993)  “Integrating  Macroeconometric  and  Multi-Sector  Computable  General 
Equilibrium  Models,”  Brookings  Discussion  Papers  in  International  Economics,  No.  100. 

Mercenier,  J.  (1995)  “Can  ‘1992’  Reduce  Unemployment  in  Europe?  On  Welfare  and 
Employment  Effects  of  Europe’s  Move  to  a  Single  Market,”  Journal  of  Policy  Modeling, 

17(1):  1-37. 

Mercenier,  J.,  and  M.  Sampaio  de  Souza  (1994)  “Structural  Adjustment  and  Growth  in  a  Highly 
Indebted  Market  Economy:  Brazil,”  in  J.  Mercenier  and  T.  Srinivasan  (eds .)  Applied  General 
Equilibrium  Analysis  and  Economic  Development,  Ann  Arbor:  University  of  Michigan  Press. 

Mercenier,  J.,  and  P.  Michel  (1994)  “Discrete-Time  Finite  Horizon  Approximations  of  Infinite 
Horizon  Optimization  Problems  with  Steady-State  Invariance,”  Econometrica,  62(3):  635-656. 

Mercenier,  J.,  and  E.  Yeldan  (1997)  "On  Turkey’s  Trade  Policy:  Is  a  Customs  Union  with  EU 
Enough?”  European  Economic  Review,  41:  871-880. 

Obstfeld,  M.,  and  K.  Rogoff  (1996)  Foundations  of  International  Macroeconomics,  London, 
England:  The  MIT  Press. 

Rivera,  S.A.  (1995)  “After  NAFTA:  Western  Hemisphere  Trade  Liberalization  and  Alternative 
Paths  to  Integration,”  The  Social  Science  Journal,  October:  389-406. 

Roland-Holst,  D.,  K.A.  Reinert,  and  C.R.  Shields  (1994)  “NAFTA  Liberalization  and  the  Role  of 
Nontariff  Barriers,”  North  American  Journal  of  Economics  and  Finance,  5(2):  137-168. 

Shiells,  C.R.,  and  K.  Reinert  (1993)  “Armington  Models  and  Terms  of  Trade  Effects:  Some 
Econometric  Evidence  for  North  America,”  Canadian  Journal  of  Economics,  26(2):  299-316. 

Shoven,  J.B.,  and  J.  Whalley  (1984)  “Applied  General  Equilibrium  Models  of  Taxation  and 
International  Trade,”  Journal  of  Economic  Literature,  22:  1007-1051. 


20 


Srinivasan,  T.N.,  J.  Whalley,  and  I.  Wooton  (1993)  “Measuring  the  Effects  of  Regionalism  on 
Trade  and  Welfare,”  in  Regional  Integration  and  the  Global  Trading  System,  edited  by  K. 
Anderson  and  R.  Blackhurst,  New  York:  St.  Martin’s  Press,  52-79. 

Srinivasan,  T.N.  (1982)  “General  Equilibrium  Theory,  Project  Evaluation,  and  Economic 
Development,”  in  M.  Gersowitz,  C.F.  Diaz-Alejandro,  G.  Ranis,  and  M.  Rosenzweig  (eds.)  The 
Theory  and  Experience  of  Economic  Development,  London:  George  Allen  and  Unwin. 

United  Nations  Economic  Commission  for  Latin  America  and  the  Caribbean  (1996)  NAFTA 
Implementation  in  the  United  States:  The  First  Two  Years,  Washington,  DC,  June. 

U.S.  Department  of  Agriculture,  Economic  Research  Service  (1997)  “The  Effects  of  the  North 
American  Free  Trade  Agreement  on  Agriculture  and  the  Rural  Economy,”  NAFTA  Situation  and 
Outlook:  International  Agriculture  and  Trade  Report.  U.S.  Department  of  Agriculture, 
Economic  Research  Service,  September  1997  [WRS-97-2], 

United  States  International  Trade  Commission  (1996)  The  Year  in  Trade  1995:  Operation  of  the 
Trade  Agreements  Program,  Publication  2971,  August. 

United  States  Trade  Representative  (1996)  1996  Trade  Policy  Agenda  and  1995  Annual  Report 
of  the  President  of  the  United  States  on  the  Trade  Agreement  Program,  August. 


21 


Appendix  I.  The  Mathematical  Presentation  of  DYNAGEM 

Most  of  the  following  equations  are  included  in  the  model  solved  by  the  General  Algebraic 
Modeling  System  (GAMS).7 

The  Producers’  Decisions 

The  representative  firms  in  each  sector  of  each  region  maximize  the  intertemporal  profits  (or  the 
value  of  the  firm),  subject  to  the  technology  and  capital  accumulation  constraints: 
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where 

Vnit  value  of  firm, 
divnil  net  profit  (dividend), 

PVAnil  unit  value  added, 

Xnil  output, 
wn  t  wage  rate, 

LBn  it  labor  employed  by  sector, 

Kn  it  capital  in  sector 

investment  in  quantity, 

PIn  il  unit  value  of  capital  investment, 

IVDnjjl  investment  demand  for  good, 
r,  world  interest  rate; 

An  i  parameter  of  technological  level  in  value  added  function, 

An  ik  parameter  of  technological  level  in  investment  function, 

ccnij  share  parameter  in  value  added  production  function  for  factor, 


7  See  Brooke,  Kendrick,  and  Meeraus,  1988. 
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dn] ,  share  parameter  in  investment  production  function  for  good, 
(pn,  parameter  in  capital  adjustment  function, 

Sni  constant  capital  depreciation  rate. 


The  first-order  conditions  for  a  firm’s  problem  are: 
a  .PVA  X  .=  w  LB 
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q  .  =  PI  +  2 PVA  .  ,<±>  - 

1  n,ij  njyt  n,i,t  *  nj 


n,ij 


x  /  ,  2 

(1  +  r,)q  .  =  a  ,  PVA  -22T  +  (b  (-T1T)  +  (1  -§  )« 

v  t/  1n /i,/, A:  njj  ^  J  v  /?,/y  ^rut 

n,i,t  n ,  / ,  t 


(A6) 

(A7) 

(A8) 


where  qn  ir  is  marginal  value  (Tobin’s  q)  of  capital.  Given  the  price  system,  equations  A6-A8, 
together  with  equations  A2-A4  can  be  used  to  solve  for  the  supply  of  sectoral  outputs,  sectoral 
demand  for  labor  and  land,  sectoral  investment  and  capital  stock,  as  well  as  sectoral  dividends 
over  time  for  each  region.  The  investment  demand  for  final  goods  employed  in  the  new  physical 
capital  production  is: 


IVD 


d  PI  I 

n,i,j  n,j  n,j 


njj 


PC 


n,i 


(A9) 


and  the  demand  for  intermediate  inputs  is: 


ITD 


10  X 

nj,i  n, 


U 


(A10) 


and  hence  the  producer  prices  are: 


PX  =  PVA 

n,  i,  t  n,i,t 


E  PC  .10 

]  n,j,t  n,i,j,t 


(All) 


where 

lTDnjit  intermediate  demand  for  good, 
PCn  i,  composite  price  for  demanders, 
PXn  il  producer  price, 

IOnij  input-output  coefficient. 
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The  Households’  Decisions 


The  representative  household/consumer  in  each  region  maximizes  the  intertemporal  utility  over 
time  and  subject  to  the  intertemporal  budget  constraint: 


(A  12) 


Max  U 

n 


(A13) 


(A14) 


(A  15) 


(A16) 


where 

TCnl  household  aggregate  consumption, 

CDnil  household  demand  for  good, 

Ynt  household  income, 

SAVnl  household  savings, 

Bnl  foreign  debt, 

GTnl  government  transfer, 

LBn,  labor  supply, 

LDnt  land  supply, 

p  rate  of  consumer  time  preference, 

bni  share  parameter  in  household  demand  function. 

The  first-order  conditions  for  the  consumer’s  problem  are: 


(A17) 


(A18) 


24 


Given  the  price  system  and  each  element  of  the  household’s  current  income,  equations  A 17  and 
A18,  together  with  equations  A13-A16  can  be  used  to  solve  for  the  levels  of  the  consumer’s  total 
consumption,  demand  for  each  commodity,  and  savings. 

Government  Consumption  Demand 


PC  GD  . 

n,i,t  n,i,t 


c  . , ( EE  .  PWM  .  M  .  +  EE  tm  PWM  M  ,  -  GT  )  (A\9) 

v  i  .s  n.s.ij  n,s,i,r  n,x,i,t  i  s  x,n,t  x.n.i.r  n,t ' 


where 

GDn , ,  government  demand, 

Mnsit  trade  flow, 
tmsn  il  tariff  rate, 
tensii  export  tax  rate, 

cn  j  share  parameter  in  government  demand  function. 


Government  consumption  demand  is  proportional  to  its  current  revenue,  which  equals  tariff/tax 
incomes  from  the  country’s  total  imports/exports,  minus  transfers  to  households.  The  indirect 
income  tax  revenues  are  not  presented  here  but  are  included  in  the  model. 

Exports  and  Imports 


The  demand  for  goods  consumed  by  consumers  and  the  government,  and  used  in  investment 
process  or  as  intermediates,  are  generated  from  the  two  levels  of  Armington  functions: 


MM 


„  (omm_  -  1  )/amm_  ,  „  (amni  ,  -  1  Vorrmi  ,  (nmm  -1  Vornrn 

C  =  A  [6  MM  +  ( 1  -  B  )  D  ,  n  '  r  n-'  y 

n,i,t  n.i  '^n,i  v  n,i,t  J 


(A20) 

(A21) 


where 

MMn  il  composite  import  good, 

Cn  il  total  absoiption  of  composite  good, 

Dnit  good  i  produced  and  consumed  domestically, 

Tni  shift  parameter  in  Armington  import  function, 

An  i  shift  parameter  in  Armington  composite  function, 

6sni  share  parameter  in  Armington  import  function, 

Pn  ,  share  parameter  in  Armington  function  for  composite  good. 
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omni  elasticity  of  substitution  in  Armington  import  function, 
ommni  elasticity  of  substitution  in  Armington  composite  function. 


Equation  A20  generates  a  composite  sectoral  import  good  for  each  region,  while  equation  A21 
generates  a  composite  sectoral  good  for  each  region.  Consumers  and  the  government  in  each 
region  consume  the  composite  goods,  so  do  investment  and  intermediate  demand. 

Demand  functions  for  imports  and  domestically  produced  goods  are  derived  from  minimizing 
current  expenditure,  subject  to  equation  A20  and  A21.  The  first-order  conditions  for  this 
problem  are: 


=  T»,,  1 


0  PMM  , 

s,n,i  n,ij 


((1  +  tm  . ,)/( 1  -te  .  ))PX  . 

v  v  s,n,i,t  ' '  s,i,t 


]  nJMM 

J  n,i,t 


MM  ,-A T"r'[P  PC”.u 

n,i,t  n,i  nj 


PMM 


/i  ,i,t 


n,i,t 


D  =  Aa"'m"-i " 1 

n,i,i  n,i 


PC 

[( l  -p  .) — nALf^c 

LV  "n, i7  J  n,i,t 


n,i,t 


(A22) 

(A23) 

(A24) 


where  PMMltiI  is  composite  import  price. 

Equations  A20-A24  determine  import  demand  and  demand  for  domestically  produced  goods  by 
sectors  and  regional  origin  and  destination. 

Foreign  Borrowing  and  Foreign  FFbt  - 


PX 

FB  ,  =  E.E  ( - n-^—M  . 


PX 


s,i,t 


s,n,i,t 


1  -  te 


M 


(A25) 


n,syi,t 


B 


M+1  =  (1  +rt)BttJ  +  FBru 


(A26) 


where  FBn  l  is  a  foreign  trade  deficit  of  region  n.  Foreign  debt  in  each  region  is  accumulated  over 
time  from  trade  deficits  and  interest  payments  on  the  outstanding  debt. 
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Factor  Market  Equilibrium  Conditions  within  Regions 


E  LB  =  LB 

i  njj  n 


E  ld  .  =  ld 

i  njJ  n 


(A27) 

(A28) 


These  two  equations  in  each  region  determine  the  wage  rate  and  land  rental  price  for  the  region. 

Commodity  Market  Equilibrium  Conditions 


C  .  -  CD  , 

11,1,1  n,i,l 


+  GD  .  +  E  IVD 

n,i,t  j  n,ij,t 


+  E  ITD  , 

J  n,i,j,l 


(A29) 


This  equation  determines  the  equilibrium  price,  PCnil,  for  demanders  in  each  region. 

It  should  be  noted  that  Equations  A2-A1 1,  A13-A29  all  have  a  time  dimension.  Hence,  if  the 
subscripts  for  the  variables  in  the  equations  are  /,  n,  t,  then  one  equation  above  represents  i  x  n  x  t 
equations  in  the  model. 

Terminal  Conditions  (the  Steady-State  Constraints) 


The  terminal  conditions  are  imposed  in  the  model,  such  that  when  the  time  is  beyond  T,  which  is 
the  last  time  period  in  the  model,  all  endogenous  variables  are  approached  approximately  to  their 
steady-state  situation.  For  this  reason,  the  steady-state  constraints  have  to  be  satisfied  for  the 
equations  defined  as  terminal  conditions,  i.e., 


6  K  T  =  I  T 

f!,:  r  r,  /  nj,  I 

(A30) 

r„V  .j.  =  div  .  T 

T  n,i,T 

(A31) 

rTB  T  +  FB  T  =  0 

T  nyT  n}T 

(A32) 

—  P 

(A33) 

Equation  A30  implies  that,  at  the  steady  state,  investment  just  covers  the  depreciated  capital; 
hence  the  stock  of  capital  per  labor  remains  constant  in  each  region.  Equation  A31  states  that  the 
dividend  of  the  firms  is  equal  to  the  interest  income  earned  from  the  same  amount  of  financial 
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capital.  Equation  A32  states  that  foreign  debt/assets  is  constant  for  each  region.  Hence,  if  an 
economy  experiences  debt  in  the  steady  state  (i.e.,  BnT  is  positive),  then  it  has  to  have  a  trade 
surplus  to  pay  interest,  i.e.,  FBnT  has  to  be  negative.  Equation  A33  implies  that  the  world  interest 
rate  is  constant  in  the  steady  state  and  equals  the  time  discount  rate  in  the  utility  function. 

Welfare  Criterion  (Equivalent  Variation  Index) 

£*0(7^— )'ln(rc„(l  +<p„))  =  £"„(-rL)'ln(TC,„)  (A34) 

1  +  P  1  +  P 


where  TC  n  is  the  base  year’s  total  consumption.  That  is,  the  welfare  gain  over  time  resulting 

from  the  policy  change  is  equivalent  to  increasing  the  reference  consumption  profile  by  tpn 
percent. 


Appendix  II.  Calibration  Strategy 

Calibration  of  the  model  involves  specifying  values  for  certain  parameters  based  on  outside 
estimates  and  deriving  the  remaining  ones  from  restrictions  posed  by  the  equilibrium  conditions. 
As  in  a  static  CGE  model  where  calibration  begins  with  the  assumption  that  data  obtained  for  the 
domestic  economy  reflect  a  within  time  period  equilibrium,  in  DYNAGEM  the  world  is  assumed 
to  be  evolving  along  a  balanced  (equilibrium)  growth  path.8  In  counter  factual  experiments,  this 
specification  can  be  regarded  as  robust  since  the  model  is  interested  in  deviations  with  respect  to 
a  reference  path. 

The  method  used  to  calibrate  parameters  or  initial  values  of  variables  associated  with  intra¬ 
temporal  economic  activities  involve  standard  processes  used  in  static  CGE  modeling  efforts. 

The  more  subtle  dynamic  calibration  is  sketched  here.  Starting  from  the  steady-state  assumption, 
the  household  time  discount  rate,  p,  equals  the  world  interest  rate,  r,  which  can  be  chosen  from 
outside  data,  while  a  country’s  foreign  assets  or  debt  are  determined  by  equation  A32  once  the 
trade  deficits  or  surplus  are  obtained  from  the  database.  The  GTAP  database  provides  both  the 
values  of  each  region’s  stock  of  capital  and  the  flows  of  capital.  Using  these  data,  together  with 
the  data  of  the  value  of  total  investment,  it  is  easy  to  calculate  the  initial  level  of  total  dividend 
payments  (div  =  value  of  capital  flows  -  value  of  total  investment).  The  steady-state  value  of  the 
firms,  V,  and  hence  the  marginal  value  of  capital,  Tobin’s  q,  are  then  obtained,  i.e.,  V  =  div/r;  q 
-  V/K.  The  values  of  capital  depreciation  rate,  6,  and  the  coefficient  in  the  capital  adjustment 
costs,  (j),  have  to  be  chosen  consistently  with  the  steady-state  condition.  We  can  choose  either  6 
or  (})  and  then  calculate  the  other  one  from  the  steady-state  conditions  presented  in  the  section 


8  The  steady-state  assumption,  though  questionable  for  most  developing  economies,  is  systematically  adopted  in 
applied  intertemporal  general  equilibrium  models  due  to  its  extreme  convenience  for  calibration.  See,  for  example, 
Goulder  and  Summers  (1989),  Go  (1994),  and  Mercenier  and  Yeldan  (1997). 
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“Overview  of  the  Model.”  If  (J)  is  chosen  first,  then  6  is  calculated  from  the  following  equation 
derived  from  the  steady-state  conditions: 


6  =  _2_ 
2P4) 


[ 


rq  -  wk 
Pc J) 


2  1/2 

)  ] 


The  quantity  of  total  investment,  /,  can  be  determined  via  I  =  6K.  The  capital  adjustment  costs, 
and  the  price  for  investment,  PI,  then  can  be  easily  obtained. 

In  a  dynamic  general  equilibrium  model,  the  analyst  is  typically  interested  in  the  adjustments 
generated  in  the  finite  time  periods  in  response  to  parametric  changes  of  selected  exogenous 
variables.  In  addition,  the  model  is  run  by  using  the  GAMS.  Hence,  imposition  of  a  terminal 
condition  becomes  pertinent  for  a  discrete  time  dynamic  model  when  there  are  out-of-steady- 
state  transitional  paths  for  the  endogenous  variables.  Since  the  so-called  terminal  conditions  are, 
in  fact,  conditions  for  the  steady  state,  an  ideal  terminal  period  should  be  chosen  when  a  steady 
state  is  asymptotically  approached. 

In  administering  the  dynamic  experiments,  two  criteria  are  generally  used  to  select  the 
“convergence”  of  a  steady  state:  the  first  is  the  time  horizon  when  99.99  percent  of  the 
transitional  life  of  the  main  variables  is  realized;  and  the  second  is  the  time  period  when  all 
endogenous  variables  cease  to  change  by  less  than  0.000001  percent.  However,  for  a  large  size 
global  model,  the  computation  ability  of  the  software  or  computer  used  may  prevent  application 
of  these  two  criteria.  Implementing  the  time-aggregation  techniques  a  la  Mercenier  and  Michel 
(1994)  reduces  the  required  aggregate  number  of  time  periods  and,  hence,  reduces  the  size  of  the 
numerical  model.  This  method  is  applied  in  our  simulation  experiments. 
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Figure  1  --  Structure  of  the  Model 
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